A vertical test grating appears tilted away from a surrounding inducing grating which is 15°from vertical (repulsion effect) but towards an inducer 75°from vertical (attraction effect). This is the tilt illusion (TI) and similar effects occur when inducing and test stimuli are presented successively (tilt after-effect or TAE). When it was reported [Wolfe, J. (1984) . Vision Research, 24,[1959][1960][1961][1962][1963][1964]] that large repulsion TAEs occurred with short test flashes, Wolfe postulated that either there are distinct mechanisms which process brief and longer duration stimuli; or that there are distinct mechanisms which are not primarily concerned with duration but are differentially responsive to temporal parameters, amongst several others. Other evidence that TI attraction effects are not modulated by test flash duration resulted in an hypothesis that repulsion and attraction effects are mediated by transient and sustained mechanisms, respectively [Wenderoth, P., van der Zwan, R., & Johnstone, S. (1989). Perception, 18, 715 -728]. We demonstrate that large repulsion TIs can be induced when parameters other than duration are manipulated, including contrast and spatial frequency but that these parameters fail to modulate attraction TIs. These results are consistent with some previous hypotheses regarding the origin of repulsion and attraction effects and with Wolfe's latter hypothesis but do not support the view that the two effects are processed, respectively, by transient and sustained mechanisms.
Introduction
Simultaneous presentation of a vertical test grating surrounded by a tilted inducing grating (tilt illusion, TI) or, alternatively, prolonged inspection of a tilted grating followed by presentation of the test grating (tilt after-effect, TAE) results in an apparent rotation of the test grating away from vertical. Both the direction and magnitude of the apparent tilt of the test stimulus are dependent on several parameters of the inducing and test stimuli. For example, both the TI and the TAE depend on the angular separation between the contours of the inducing and the test fields and this angular function is the same for both the TI and the TAE. For inducing orientations close to that of the test there is a perceptual repulsion of the test away from the inducing orientation, but for much larger angular separations the test line appears rotated towards the orientation of the inducing stimulus 1 . The perceptual repulsion effect has been referred to in the literature as the direct effect whereas the perceptual attraction effect has been termed the indirect effect, after Gibson and Radner (1937) . We use the terms repulsion and attraction effects instead, because Gibson and Radner's terminology is heavily theory laden. Given a vertical test stimulus, then, repulsion effects occur for inducing angles up to about 60°away from vertical and typically are largest at an inducing orientation of 15°from vertical. Attraction effects occur for inducing angles between 60°and horizontal and are largest at an inducing orientation of 75°from vertical (see Over, Broerse & Crassini, 1972; O'Toole & Wenderoth, 1977; Wenderoth & Johnstone, 1988a) .
Previous research has shown that the magnitudes of both the repulsion TI (Calvert & Harris, 1988; Wenderoth & Johnstone, 1988a) and the repulsion TAE (Wolfe, 1984; Harris & Calvert, 1989) increase with decreasing test stimulus duration. Conversely, attraction effects show little if any modulation as a function of presentation duration (Wenderoth & Johnstone, 1988b; . These findings have been taken to suggest that repulsion effects, at least those which occur with short duration stimuli, reflect the operation of transient mechanisms whereas attraction effects reflect the operation of sustained mechanisms (see Wenderoth, van der Zwan & Johnstone, 1989) .
If it is the case that sustained and transient mechanisms are differentially involved in the generation of repulsion and attraction effects, there are several parameters other than stimulus duration which would be expected differentially to affect the repulsion and attraction effects. One of these parameters is contrast. Assuming that the neural substrates of sustained and transient channels are the X-like parvocellular (P) and Y-like magnocellular (M) mechanisms, respectively (Harris & Calvert, 1989) it is known the M mechanism exhibits a greater contrast gain and contrast sensitivity at low contrasts (Lennie, Tervarthen, Van Essen & Wässle, 1990) . It can therefore be predicted that if the contrasts of inducing and test stimuli are concomitantly varied, repulsion effects will increase as test-inducing contrast decreases because the transient system contributes more to the effects when contrast is low. Conversely, there should be less or even an opposite effect on attraction effects because the sustained system is less sensitive to contrast variation and relatively insensitive at low contrasts.
General methods

Apparatus and stimuli
Stimulus displays were presented on a Silicon Graphics D-M2ONC 19 in. colour display monitor (frame rate =75 Hz) interfaced with a Silicon Graphics Indigo 2 workstation. Responses were recorded by using the outer pair of buttons on a three button mouse to indicate whether a central circular 1°diameter square wave test grating appeared to be tilted to the left or right of perceived vertical. Subjects were seated in a darkened laboratory in which all external cues to vertical were removed by attaching to the display monitor a black cardboard mask in which an 8°diameter hole had been cut. A black cloth was draped over the area between the display and a padded chin-rest in which the subjects placed their heads. The chin-rest was located 1.14 m from the display such that 2 cm on the screen subtended 1°of visual angle.
During test conditions in which both inducing and test stimuli were present, an annular square wave grating 2 of the same spatial frequency as the test grating (4 /°) surrounded and abutted the central circular 1°diameter test grating. The thickness of this annulus was 1.5°while the outside diameter was 4°of visual angle. The Michelson contrast of both the test and inducing grating patterns, defined as (I max −I min )/ (I max + I min ), could be set to any one of five steps, 0.05, 0.1, 0.2, 0.4, 0.8. When measured on a low frequency square wave grating with a Tektronix J16 1°digital luminance probe, maximum luminance for the 0.8 contrast grating was 23.84 cd/m 2 while its minimum luminance was 2.48 cd/m 2 . The space averaged luminance of this grating was therefore 13.16 cd/m 2 and the maximum and minimum luminance values of all other gratings were set to have the same space averaged luminance. Surrounding the inducing field was a 13.16 cd/m 2 blank field. Following the 500 ms presentation duration of each experimental trial, a blank 23.84 cd/m 2 field was presented to eradicate any afterimages. This blank field remained present until approximately 3 s after the subject had made a response after which it was replaced by the next experimental trial. A short tone was emitted from the computer immediately prior to stimulus onset to warn subjects of the impending stimulus presentation.
Procedure
Each subject was tested in a standard repeated measures experimental design under two levels of inducing annulus orientation, either 15 or 75°CW from vertical, and five levels of inducing and test field contrast, 0.05, 0.1, 0.2, 0.4 and 0.8. Trials were blocked by contrast level so that all pretest and test trials for both inducing orientations were run before the next contrast level was tested. The order of presentation of the levels of contrast was randomised for each subject. Within each level of contrast, the 15 and 75°inducing field orientations were run as two randomly interleaved staircases. Prior to trials where both test and inducing fields were presented simultaneously (called the test condition), subjects were run under a pretest condition where the test field alone, with the same contrast level of the test condition, was presented and orientation judgements of this field were made. The pretest condition always directly preceded the test condition, to control for any drift in subjective vertical over the experiment. A short, approximately 2 min, rest was given between conditions while results were saved and the parameters for the next condition were set up. The entire session lasted approximately 1 h.
Each staircase was randomly started from any position 9 10°from gravitational vertical.
Step size was initially 2°and reduced to 1°after the second reversal. Staircases were run for eight reversals with the point of subjective vertical (PSV) estimated by averaging the peaks and valleys of the last six. All PSVs to the left of vertical were signed negative and those to the right were signed positive. Magnitude and direction of the orientation illusion was calculated as test PSV minus pretest PSV, so that repulsion effects were positive. Subjects were instructed to be as accurate as possible in their judgements and to maintain fixation on a small dark spot in the centre of the display during each trial. They were additionally instructed to respond as quickly as possible after the offset of the grating stimuli.
Experiment 1
It has already been predicted that if the contrasts of inducing and test stimuli are concomitantly varied, repulsion effects will increase as test-inducing contrast decreases but that there will be less or even an opposite effect on attraction effects. There was another reason for examining the effects of contrast, particularly on repulsion effects, and that is that previous research on this question is equivocal. Parker (1972) reported no effect on the repulsion TAE of concomitant variation in test-inducing contrast between 0.085 and 0.95. Harris and Calvert (1989) , however, reported a more complex pattern of results such that larger TAEs tended to occur with high contrast test-inducing stimuli at short test durations but with low contrast test-inducing stimuli at long test durations. No previous study has examined the effects of contrast on attraction effects. Experiment 1 tests the effect of concomitant test-inducing contrast variation on the repulsion and attraction TI.
Methods
Subjects
There were 20 subjects, volunteers from introductory psychology and advanced visual perception courses at Macquarie University. All had normal or corrected to normal vision and were naive as to the aims of the experiment.
Results
The mean illusions and standard errors are shown in Fig. 1 , closed circles for 15°(repulsion) effects, open circles for 75°(attraction) effects. There is a clear increase in the magnitude of the 15°tilt illusion with decreasing contrast levels. The maximum repulsion effect of 5.03°occurred at the lowest contrast (0.05) while the minimum repulsion effect of 1.81°occurred at the highest contrast (0.8). The attraction effect shows no systematic variation with contrast level.
In this and all other experiments, separate analyses were conducted on repulsion and attraction effects because both the mean effects and their standard errors tended to be smaller in the latter case. Polynomial trend analyses, corrected for the unequal separation between each level of contrast (Gaito, 1965) , indicated significant linear trend for the repulsion effect (F 1,76 = 48.9; PB 0.05) but not the attraction effect (F 1,76 = 0.035; P\ 0.05). Residual trends were not significant.
Experiment 1 provides some evidence for the hypothesis that repulsion tilt illusions are optimally processed by mechanisms that are responsive to low contrast stimuli. The mechanisms involved in generation of attraction tilt illusions however appear not to be dependent on variations in stimulus contrast.
Experiments 2 and 3
Experiment 1 showed that the absolute level of inducing/test field contrast modulates the magnitude of the repulsion but not the attraction TI. Experiment 2 was designed to determine the effects of relative rather than absolute levels of inducing and test contrast on repulsion and attraction TIs.
Only one study, that of Tolhurst and Thompson (1975) has investigated the effects of relative inducing and test contrasts on the repulsion TI. They reported that, with a high contrast inducing annulus, the repulsion TI decreased as test contrast decreased. There have been other investigations of relative inducing/test contrasts but using the repulsion TAE rather than the TI. However, these are relevant here given that it is generally held that the mechanisms of the TI and the TAE are the same (Magnussen & Kurtenbach, 1980) . Both Parker (1972) and Tolhurst and Thompson (1975) showed that, when inducing grating contrast was high, the magnitude of the repulsion TAE increased as test contrast decreased, the opposite effect to that obtained by Tolhurst and Thompson (1975) with the TI. For the lowest contrast test field, the magnitude of repulsion TAE was reported to be as large as 4 -6°, similar in magnitude to the largest effects observed with fast presentation duration (Wolfe, 1984; Wenderoth & Johnstone, 1988b; Harris & Calvert, 1989) . In contradiction to these results, Wolfe (1984) , using a staircase method, found no modulation of the repulsion tilt after-effect as a function of the contrast of the test field.
It is clear that there is disagreement in the literature as to the effects of relative test/inducing contrasts on the repulsion TI and TAE and no evidence at all relating to attraction effects. Experiment 2 examined the effects on repulsion and attraction TIs of varying inducing contrast between 0.05 and 0.8, with test contrast fixed at 0.8. Experiment 3 examined the effects on repulsion and attraction TIs of varying test contrast between 0.05 and 0.8, with inducing contrast fixed at 0.8.
Methods
Subjects
Two new groups of 16 subjects were drawn from the same population as those used in Experiment 1, one group for Experiment 2 and one for Experiment 3.
Apparatus and stimuli
These were as for Experiment 1 except that the contrast of the inducing and test fields were independently manipulated.
Procedure
The experimental procedure for this experiment was identical to that of Experiment 1 except that either the test field contrast (Experiment 2) or the inducing field contrast (Experiment 3) was always maintained at 0.8 while the contrast level of the other field was varied from 0.05 to 0.8 in logarithmic steps. During any single experimental staircase the contrast value of the variable-contrast field remained fixed. The order of presentation of the different inducing or test field contrasts was randomised for each subject and test staircases again were always preceded by pretest staircases.
Results
The mean and standard errors of TIs are shown in Figs. 2 and 3, closed circles for repulsion effects, open circles for attraction effects.
In Experiment 2 (Fig. 2) there was an increase in the magnitude of the repulsion TI with increasing inducing contrast levels. The maximum repulsion effect (1.89 0.49°) occurred at the highest inducing contrast while the minimum repulsion effect (0.589 0.20°) occurred at the lowest inducing contrast. Polynomial trend analyses revealed significant linear trend for the repulsion effect (F 1,60 = 9.8, PB0.05) but no significant residual trend. Polynomial trend analyses failed to reveal any significant linear or higher order trends for the attraction effect.
In Experiment 3 (Fig. 3 ) the finding of Tolhurst and Thompson (1975) was replicated: there was an increase in the magnitude of the repulsion tilt illusion as test contrast was increased. The mean repulsion effect at the lowest test contrast was 0.76 9 0.29°while the largest repulsion effect obtained (2.1790.56°) was at the highest level of test field contrast. Mean attraction effects varied between − 1.22 9 0.20°and − 0.749 0.27°. Polynomial linear trend analysis revealed a significant increase in the repulsion effect (F 1,60 =11.29, PB 0.05) but not the attraction effect (F 1,60 =2.33, P\ 0.05) as a function of contrast.
Experiments 4 and 5
If it is true that large repulsion TIs occurred at the 0.05 contrast level in Experiment 1 because this low contrast, together with the relatively brief stimulus duration (500 ms) and relatively low spatial frequency (4 /°), all selectively favoured the transient mechanism, then it should be possible systematically to reduce these repulsion effects by systematically increasing spatial frequency. Green (1984) (Fig. 8) , for example, presents a hypothetical model in which contrast sensitivity of the transient system is almost negligible for frequencies above 3 /°. In Experiments 4 and 5, therefore, we investigated the interactions between inducing/test contrast and spatial frequency. Experiment 4 measured repulsion and attraction TIs using low contrast (0.05) test and inducing gratings while Experiment 5 used high contrast (0.8) gratings. In each experiment, there were four spatial frequencies: 1.5, 3.0, 6.0 and 12.0 /°.
Methods
Subjects
Two groups of ten subjects were randomly chosen from the same population used in previous experiments.
Apparatus and stimuli
Unlike the earlier experiments, stimuli in these experiments were presented on a Silicon Graphics 19 in. colour display monitor (model: GDM-2OE21, frame rate = 75 Hz, display resolution 1280 × 1024 pixels) interfaced to a Silicon Graphics O2 workstation running an R5000 processor at 180 MHz. Stimuli were sine wave gratings rather than the 50% duty cycle squarewave gratings employed in Experiments 1 -3. Linearisation calibrations of the display monitor were made at regular intervals throughout the study using a Tektronix J17 photometer fitted with a 1°narrow angle luminance head (model number J1823), and colour lookup tables were corrected when necessary.
Experiment 4 used one group of ten subjects and low contrast (0.05) test and inducing gratings while Experiment 5 used the second group of subjects and high contrast (0.8) gratings. When measured on a low frequency square wave grating maximum luminance for the 0.05 contrast test and inducing gratings used in this experiment was 35.7 cd/m 2 while the minimum luminance was 32.3 cd/m 2 , so that space-averaged luminance was therefore 34 cd/m 2 . In the case of the 0.8 contrast gratings, maximum luminance was 61.2 cd/m 2 while the minimum luminance was 6.8 cd/m 2 , with space-averaged luminance 34 cd/m 2 once again. In order to accommodate the lowest spatial frequency used in these experiments (1.5 cpd), a central circular test field of diameter 2°was surrounded by a 3°w ide inducing annulus which set the external diameter of the inducing annulus at 8°. A background field of mean luminance 34 cd/m 2 surrounded the inducing annulus. Subjects viewed the display through an 8°d
iameter aperture cut in a black cardboard mask attached to the front surface of the monitor. All other aspects of the experimental apparatus and stimuli were identical to those used in the previous experiments.
Procedure
The experimental procedures were identical to those of the previous experiments except that the spatial frequency of the inducing and test fields were set at one of four values, 1.5, 3, 6 or 12 /°. During any single experimental trial the spatial frequency of the test and inducing fields were set at the same value. The order of presentation of the different spatial frequency trials was randomised for each subject. Test conditions were always preceded by a pretest condition with the same spatial frequency.
Results
The means and standard errors of TIs are shown in Figs. 4 and 5, closed circles for repulsion effects, open circles for attraction effects.
In Experiment 4 (Fig. 4) there was an increase in the magnitude of the repulsion TI with decreasing spatial frequency. The maximum repulsion effect (3.69 0.5°) occurred at the lowest spatial frequency while the minimum repulsion effect (1.4790.7°) occurred at the highest frequency. Polynomial trend analyses revealed significant linear trend for the repulsion effect (F 1,27 = 7.4, PB 0.05) but no residual trend. Polynomial trend analyses failed to reveal any significant linear or higher order trends for the attraction effect. 5. In Experiments 4 and 5, the low and high contrast repulsion effects at 3 /°were 2.42 and 2.29°, respectively. In Experiment 1, using a similar spatial frequency of 4 /°, the 0.05 contrast repulsion effect was 5.03°and was thus significantly larger than the 0.80 contrast effect of 1.81°. It seemed unlikely that this apparent discrepancy could be due to the stimulus waveforms used (square wave versus sine wave) but it did seem possible that the use of a 1°diameter test grating in Experiment 1 but a 2°field in Experiments 4 and 5 might have accounted for the different results. Experiment 6 tested this possible explanation of the discrepancy.
Experiment 6
6.1. Methods
Subjects
There were ten subjects from the volunteer population used previously.
Apparatus and stimuli
These were as for Experiments 4 and 5 except that the inducing annulus width (1.5°) matched that used in Experiment 1 and there were three test field diameters, 1.0°, 1.5°and 2°. Test and inducing fields had contrasts of either 0.05 or 0.8 and inducing orientation was either 15 or 75°. The spatial frequency of both inducing and test gratings was 3 /°.
Procedure
The procedures were as in previous experiments. Each subject completed all 12 conditions (three test diameters× two contrast levels×two inducing orientations) in random order.
Results
The mean TIs and standard errors are shown in Fig.  6 . The results clearly were consistent with the hypothesis that the apparent discrepancy between the results of Experiment 1 and Experiments 4 and 5 was due to increasing the size of the test stimulus in the latter. The repulsion effect at low contrast in Fig. 6 showed significant linear decrease in magnitude as aperture size increased, with F 1,18 = 34.1, PB 0.0001, This was the only significant trend in the four functions in Fig. 6 , although, for the repulsion effects, the main effect of contrast was also significant, F 1,18 = 15.6, PB 0.001.
General discussion
The main conclusion which can be drawn from the experiments reported here is that the hypothesis that In Experiment 5 (Fig. 5) there was an increase in the magnitude of the repulsion TI as spatial frequency increased. The mean repulsion effect at the lowest test frequency was 1.759 0.17°while the largest repulsion effect obtained (4.919 0.0.67°) was at the highest spatial frequency. Mean attraction effects varied between − 0.809 0.30°and − 0.68 90.34°. Polynomial linear trend analysis revealed a significant linear increase in the repulsion effect (F 1,27 =31.76, P B0.0001) with no residual trends significant. There were no significant trends in the attraction effect data as a function of spatial frequency.
There was one apparent discrepancy between the results of Experiment 1 and those of Experiments 4 and processes are involved in the perception of brief and longer duration stimuli. He also noted that there are two main versions of more specific hypotheses that remained to be tested. The first version was that there are separate mechanisms for brief and for longer duration stimuli. In that case, brief stimuli would activate only the brief mechanism while longer stimuli would activate only the other mechanism. The second version was that there are two mechanisms which have different latencies (among other differences) so that stimulus duration serves as but one of several psychophysical tools to distinguish between the mechanisms which themselves are not primarily concerned with stimulus duration. Consistent with this second version, it can be proposed that these two mechanisms are the transient and sustained systems. Thus, repulsion effects will be large either when stimulus parameters favour the M-like system (Experiment 4) or the P-like system (Experiment 5). It could be argued too that the relatively largest effects which occurred in Experiments 2 and 3 were obtained when test and inducing contrasts were the same (both 0.8) which would both favour the parvo more than the magno system.
One possible difficulty with the latter speculation is that it does not explain why the repulsion effects obtained with high contrast test and high contrast inducing stimuli in Experiments 1, 2 and 3 were not absolutely larger than 1.81, 1.78 and 2.17°, respectively. Experiment 5 suggests that the answer is probably that the spatial frequency of 4 /°used in Experiment 1 was not sufficiently high to favour the sustained system sufficiently at the high contrast. Thus, in Experiment 5 with 0.8 contrast stimuli, the repulsion effect with 12 /°stimuli was 4.91°and relatively large; but with 3 /°and 6 /°stimuli, the repulsion effects were 2.29 and 2.90°, not dissimilar to those in Experiments 1, 2 and 3.
There is an alternative explanation of the results of Experiment 3 in which inducing contrast was kept at 0.8, test contrast was varied and the largest repulsion effect occurred at the highest test contrast. This finding replicates that of Tolhurst and Thompson (1975) . Their explanation was that when the inducing stimulus is an annulus, it will have most effect on the test contours directly abutting it and less effect on the more remote centre of the test grating. When test contrast is high, the abutting test contours will be easily visible and appear tilted leading to a large TI. When test contrast is low, the abutting test contours will be masked, subjects will base judgements on the relatively less affected more remote test contours and so the repulsion TI will be smaller. This explanation does not require a reduction in attraction effects at low test contrasts the neural substrates of repulsion and attraction effects are, respectively, transient and sustained mechanisms, is false. First, large repulsion TIs occurred not only when stimulus parameters were likely to favour the transient (M-like) mechanism (Experiments 1, 4: low contrast; low or relatively low spatial frequency) but also when they were likely to favour the sustained (P-like) mechanism (Experiment 5: high contrast; high spatial frequency). Second, these manipulations of stimulus properties had no effect at all on attraction TIs, which is not consistent with these effects having sustained mechanisms as their neural substrate.
An alternate formulation can account for most of the data. It has been suggested previously that the magnitude of the TI or TAE depends at least in part upon the proportion of neurones that respond to both the test and inducing stimuli. For example, in the limit, if the inducing stimulus adapts or inhibits neural mechanisms none of which is probed by the test stimulus, then adaptation or inhibition will exist but no TI or TAE will occur (e.g. Burke & Wenderoth, 1989; Wolfe & Held, 1981) . This reasoning was used by Paradiso, Shimojo and Nakayama (1989) to explain why TAEs induced by subjective contours on real contours were very small: the adapting stimulus stimulated only the small proportion of V2 cells which respond to those contours; but the real test contour stimulated all V1 and V2 cells. Hence, the ratio [cells adapted and tested/all cells tested] was very small and so was the TAE.
When Wolfe (1984) first reported that short test flashes produce large repulsion TAEs (he did not examine attraction effects), he concluded that different because such effects are global rather than local (Wenderoth & Johnstone, 1988a) . The repulsion TI results of Experiment 6, the control experiment, also fit neatly with Tolhurst and Thompson's explanation. When both test and inducing contrasts are high, test aperture size has no effect on the repulsion TI because the apparently tilted high contrast edges of the test stimulus are always discriminable. When both are low contrast, however, the edges of the test stimulus are more likely to be near or below threshold so that the larger the test aperture, the larger will be the central, unaffected region of the test stimulus and hence the smaller will be the repulsion TI. This also does not require a smaller attraction effect with the larger aperture in Experiment 6, and that result was not obtained.
It has to be acknowledged that there is a need for further experiments to test the hypothesis that repulsion TIs will be large when inducing and test parameters both favour one or the other of the transient and sustained mechanisms. One difficulty in making predictions is that there is abundant evidence that the mechanisms are not independent (Green, 1984) . Also, the different stimulus parameters may not carry equal weight. For example, a very brief stimulus might overwhelmingly favour the M system, overriding the fact that contrast and spatial frequency are high, the latter normally favouring the P system. Precisely this weighting difference could account for the fact that Wolfe (1984) obtained large TAEs with very brief test flashes, despite using a 7.7 /°square wave grating with \ 0.9 contrast. The latter two parameters would normally favour the P system. Finally, the results obtained here for attraction TIs are consistent with our previous results and suggestions. In Experiments 1 -5, spatial and temporal parameters had no effect on the attraction TI. These findings are entirely consistent with earlier results (Wenderoth & Johnstone, 1987 , 1988a and with the hypothesis previously offered that these effects arise in extrastriate cortex, from mechanisms concerned with global orientation constancy (Wenderoth & Johnstone, 1987 , 1988a . Consequently, they may arise in higher areas where M and P signals are mixed (e.g. Ferrera, Nealey & Maunsell, 1992; Gegenfurter, Kiper & Levitt, 1997) .
The account we have offered of our repulsion TI results in terms of P and M-like mechanisms has enabled us to give an account of most of the results obtained. There are also additional predictions. For example, the broader orientation tuning of the M system (Green, 1984) predicts that stimulus parameters favouring the M system compared with the P system should result in repulsion TIs which themselves are more broadly tuned and which peak at larger inducing-test angular separations. Also, if red stimuli selectively attenuate M system responsiveness (Edwards, Hogben, Clark & Pratt, 1996) , then red stimuli should reduce repulsion TIs which have other parameters favouring the M system. The same might be true if isoluminant stimuli were used (Livingstone & Hubel, 1987) .
